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ABSTRACT 
 
 
 
 
  In this research, Chitosan and Polyvinyl alcohol (PVA) blend membrane is made 
by adding additive which is polyethylene glycol or known as PEG and PEG 
concentration used in this research was PEG 400. The objective of this research is to 
study the performance and morphology of Chitosan and PVA blend with PEG 400 as 
additive using SEM, AFM, pure water permeation (PWP) and solute separation 
permeability. The membrane was prepared using dope solution method by blending 
Chitosan, PVA and PEG 400 together.  Two difference concentration of PEG 400 which 
is 4 wt% and 6 wt% are use.  Casting method take part after the blending process was 
finished. After the membrane is dried, it would be easy for the membrane to be peeled 
off. The membrane was characterized and distinguished by its performance in term of its 
pure water permeation (PWP) and solute separation and by its morphology using SEM 
and AFM.  From the results, the pure water permeation rate of the membrane is higher 
by using high concentration of PEG 400 because of the increasing of the hydrophilicity 
of the membrane but decreasing its selectivity in solute separation.  The morphology of 
the membrane at its cross-section can be seen using scanning electron microscopy 
(SEM).  Characterization of membrane base on its surface section is done using atomic 
force microscopy (AFM).  
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ABSTRAK 
 
 
 
 
  Dalam kajian ini, Chitosan dan Polyvinyl alcohol(PVA) dibuat dengan 
menambahkan bahan tambahan iaitu Polyethylene Glycol atau lebih dikenali sebagai 
PEG dan berat molekul PEG yang digunakan dalam kajian ini ialah 400. Objektif kajian 
ini ialah untuk mengkaji prestasi dan morfologi campuran Chitosan dan PVA dalam 
membran dengan PEG 400 sebagai bahan tambahan melalui SEM, AFM, penghasilan air 
bersih dan pemisahan bahan terlarut. Membran disediakan dengan menggunakan kaedah 
larutan Dope dengan cara mencampurkan Chitosan, PVA dan PEG 400 bersama-sama.  
Dua kepekatan PEG 400 akan digunakan sebagai parameter iaitu 4% peratus berat dan 
6% peratus berat.  Kaedah Casting (pembentukan dalam acuan) atau penghasilan helaian 
membran berlaku selepas proses pencampuran selesai. Selepas membran itu kering, ia 
memudahkn membran itu untuk di pisahkn daripada acuannya.  Membran dicirikan dan 
dibezakan melalui prestasinya dari segi ketelapan membran melalui bilangan air yg 
boleh lalu melalui membran tersebut dan kadar pemisahan bahan terlarut dan juga 
melalui morfologinya dengan menggunakan SEM dan AFM.  Kadar ketelapan membran 
melalui peningkatannya jumlah air yg lalu melalui membran tersebut membuktikan 
bahawa interaksi membran tersebut terhadap air adalah tinggi apabila kepekatan PEG 
400 ditingkatkan.  Morfologi membran dapat dilihat dengan menggunakan SEM.  
Manakala untuk melihat morfologi permukaan membran tersebut, penggunaan AFM 
adalah yang terbaik.  
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1   Background of study 
 
 
These days, industries focus more on membrane technology for separation 
process especially in the chemical industry in order to overcome several constraints 
associated with conventional techniques (Razdan et al, 2003). It has been found to be an 
attractive and most suitable alternative approach for separation because the process is 
faster, energy efficient and does not involve any phase change (Idris et al, 2006). The 
advantage of having membrane is their selective permeation (Razdan et al, 2003). Such 
membranes have applications in petroleum, chemical, pharmaceutical, fertilizer industry, 
treatment of waste stream, effluent and hazardous streams and vice versa(Razdan et al, 
2003).  
 
 
To carry out such applications, it needs type of membrane that has strong 
mechanical strength where it can withstand a high pressure and high temperature and 
didn’t change its chemical structure when applied to it. Separation system by permeation 
through polymeric and organic blend membrane can carry out the entire characteristic 
needed in industrial membrane technology. Blend membrane are prepared by phase 
inversion technique by casting it first. The presence of additive such as PEG 400 is used 
in order to enhance the effectiveness of the membrane and to adjust and modified the 
structure of the membrane property.   
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 Polymer which is Polyvinyl alcohol or known as PVA is a non-toxic, water 
soluble, bio-compatible and biodegradable synthetic polymer have been widely used in 
biomedical field(Jia et al, 2007). PVA has been better fiber-forming and highly 
hydrophilic properties and its fibers have been commercialized since the 1950s(Jia et al, 
2007). For organic material, Chitosan (poly-β(1,4)-D-glucosamine) a cationic 
polysaccharide, is obtained by alkaline deacetylation of chitin, the principle exoskeletel 
component of crustaceans(Yang et al, 2004). Chitosan has its own advantages such as 
water binding capacity, fat binding capacity, bioactivity, biodegrability, nontoxicity, 
biocompatibility and antifungal activity. By blending these polymer and organic 
component, a membrane can be made.  
 
 
CS and PVA were blended together in dope solution and fabricate using casting 
method. In order to enhance the permeability of flux, additive was added which is 
polyethylene glycol 400 (PEG 400). PEG 400 can be used very well as polymeric 
additive ( Idris et al, 2007). It was also reported that PEG 400 also act as microvoids 
suppressor and give the membrane its hydrophilic character ( Idris et al, 2007). Acetic 
acid was used as the co-solvent for CS and and distilled water for PVA in order to 
prepare the dope solution and NaOH solution was used as both the external and internal 
coagulants. The separation performance of the blending of CS/PVA blend membrane 
was evaluated through the separation of bovine serum albumin (BSA) and Lysozime in 
water.  
 
 
1.2 Problem Statement 
 
 
Chitosan and Polyvinyl alcohol (PVA) is already widely used especially in 
membrane separation. Although its readily known, the suitability of these Chitosan by 
blending it with Polyvinyl alcohol (PVA) to form blend membrane still not enough 
because of its non-compatibility between these two components(Yang et al, 2004). To 
overcome this problem, crosslinking between these two components have to be done. 
For these purpose, formaldehyde is used as crosslink agent (Yang et al, 2004). Blending 
of two components into a membrane to separate mixture in high percentage of separation 
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also has its disadvantages. In order to overcome this problem, additive is used to 
increase the separation between mixtures. For this research, PEG 400 is selected to 
improve the permeation, to improve flux, reduce fouling and the most important is to 
improve separation.  
 
 
1.3 Objectives of the Project 
 
 
The objective of this project is to study the performance and morphology of 
Chitosan blend Polyvinyl alcohol (PVA) membranes with PEG 400 as additive by using 
Scanning electron microscopy (SEM), Atomic force microscopy (AFM), pure water 
permeation(PWP), and solute separation permeability.  
 
 
1.4 Scopes of the Project 
 
 
The scope of this research are listed: 
 
i. Blending Chitosan and Polyvinyl alcohol (PVA) blend membrane with 
PEG 400 as additive. 
ii. Characterize the membrane performance by using bovine serum albumin 
and lysozime as a solute in solute separation permeability and in pure 
water permeation (PWP). 
iii. Characterize the morphology of Chitosan blend Polyvinyl alcohol (PVA) 
membrane using Scanning electron microscopy (SEM) and Atomic force 
microscopy (AFM).  
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CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.1 Definition of membrane 
 
 
 Membrane is a permeable or semi-permeable phase, often a thin polymeric solid, 
which restricts the motion of certain species (Scott and Hughes, 1997).  This added 
phase is essentially a barrier between the feed stream for separation and one product 
stream.  This membrane or barrier controls the relative rates of transport of various 
species through itself and thus, as with all separations, gives one product depleted in 
certain component at the feed stream and a second product concentrated in the product 
stream component (Scott and Hughes, 1997). The main uses of membranes in industry 
are (Scott and Hughes, 1997): 
 
 
i. The filtration of micron and submicron size suspended solid (and dispersed 
liquid) from liquid and gases containing dissolved solid. 
ii. The removal of macromolecules and colloids from liquids containing ion species.  
iii. The separation of mixtures of miscible liquid. 
iv. The selective separation of gases and vapors from gas ad vapor stream. 
v. The selective transport of ionic species only. 
vi. The virtually complete removal of all material suspended and dissolved from 
water. 
 
Generally these membranes can be classified into three types (Scott and Hughes, 
1997): 
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i. Synthetic polymer; 
ii. modified natural product; cellulose-based, 
iii. Miscellaneous; include inorganic, ceramic, metals, dynamics and liquid 
membranes. 
 
 
Ideal membrane materials posses the following properties (Cai et al, 2008): 
 
 
i. Chemical resistance(to both feed and cleaning fluids) 
ii. Mechanical stability 
iii. Thermal stability 
iv. High permeability 
v. High selectivity 
vi. Stable operation. 
 
 
2.2 Membrane Structure 
 
 
 The functioning of the membrane will depend on its structure as this essentially 
determines the mechanisms of separation and application.  Two types of structures are 
generally found in membrane which is symmetric and asymmetric as following (Mulder, 
1996):  
 
 
 
 
2.2.1 Symmetric membranes; 
 
 
i. Symmetric membranes are of three general types which is with approximate 
cylindrical pores, porous, and non-porous (homogeneous) as shown in figure 
1. 
ii. It was produced by one of the following method: 
iii. Sintering or stretching – for the manufacture of  microporous membranes. 
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iv. Casting – for the manufacture of ion exchange membranes and membranes 
for pervaporation. 
v. Phase inversion and etching – the manufactured metrials function as pore 
membranes and  are used in MF, UF and dialysis. 
vi. Extrusion – materials produced by this method function as diffusion 
membranes for gas permeation and pervaporation. 
vii. Microporous membranes are the simplest of all the symmetric membranes in 
term of principle of operation.  Microporous membranes have defined pores 
or holes and separation is achieved by a sieving action. 
 
 
 
 
Figure 2.1: scanning electron micrograph cross section in silicon-porous membrane 
 
 
2.2.2 Asymmetric membranes 
 
 
Asymmetric membranes are characterized by a non-uniform structure comprising 
an active top layer or skin supported by a porous support or sublayer(Schoch et al, 1976) 
as shown in figure 2.2 below.  There are several types of membrane which is porous, 
porous with a top layer and composite.  Asymmetric membranes was produced either by 
phase inversion from single polymers or as composite structures (Ford et al, 1968).  
Asymmetric structure can be seen by its wider pores and farther away from the surface 
to prevent the pores from being plugged (Ford et al, 1968).  This provides good fouling 
resistance since foulants have a tendency to either be totally rejected or to pass all the 
way through the membrane (Wagner, 2001) 
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Phase inversion porous structure is formed by precipitation from homogeneous 
polymer solution (Wagner, 2001).  The phase-inversion process membrane is formed by 
dissolving polymers in a suitable solvent to form a viscous solution which is cast to form 
a asymmetric membrane (Razdan et al, 2003).  The membrane then immersed on cold 
water-bath for phase inversion from sol to porous gel (Razdan et al, 2003).  The 
membranes are created with a relatively thick porous support layer range from 0.2 to 
0.5mm with a dense active ‘skin layer’ with thickness less than 1µm(Wagner,2001). 
Various additives can be added to create more suitable pore size and pore-size 
distribution (Razdan et al, 2003). 
 
 
Composite membranes are different from phase inversion by its skin and support 
layer because of its different materials.  Composite membrane consists of two different 
layers with different kind of material where the compatibility of these two materials is 
cross linked together for enhancement of separation and compatibility (Chen et al, 
2004).  This makes a certain amount of tailoring of membrane function for specific 
applications and thus, gives potential improvements over phase inversion (Chen et al, 
2004).  
 
 
 
Figure 2.2: Scanning electron micrograph cross-section (50 micron scale) of asymmetric 
polymer membrane for biohybrid organs based on polyacrylonitrile. 
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2.3 Membrane process 
 
 
Membrane processing is a technique that permits concentration and separation 
without the use of heat (Goff et al, 1995).  Particles are separated on the basis of their 
molecular size and shape with the use of pressure and specially designed semi-
permeable membranes. When a solution and water are separated by a semi-permeable 
membrane, the water will move into the solution to equilibrate the system and this is 
known as osmotic pressure and if a mechanical force is applied to exceed the osmotic 
pressure such as up to 700 psi(Goff et al, 1995), the water is forced to move down the 
concentration gradient such an example, from low to high concentration. Permeate 
designates the liquid passing through the membrane, and retentate (concentrate) 
designates the fraction not passing through the membrane.  
 
 
 
 
Figure 2.3: diagram on the principle of operation of membrane processing 
 
 
 There are several types of flow in membrane separation which can be used to 
separate solvent from the solution (Koros et al, 1996).  These types of flow help to 
maximize the separation by applying pressure speed of the rotation especially in 
completely-mix flow separation, and optimum flow rate for absorption of permeate 
through the membrane (Goff et al, 1995).  Types of flow are described as below where R 
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indicates the retentate, P is permeate, F is feed, S is sweep stream which is a 
nonpermeating stream directed past the downstream membrane face to reduce 
downstream permeant concentration and  where optionally not always present in the 
separation process and M for membrane(Koros et al, 1996): 
 
 
i. Co-current flow; where the flow pattern through a membrane module in which 
the fluids on the upstream and the downstream sides of the membrane are moved 
parallel to the membrane surface and in the some directions.  
 
 
 
Figure 2.4 : Co-current Flow 
 
 
ii. Completely-mixed (perfectly-mixed) flow where it flow through a membrane 
module in which fluids on both the upstream and downstream sides of the 
membrane are individually well-mixed. 
 
 
 
 
Figure 2.5 : Completely-mixed flow 
 
 
iii. Counter-current flow where it flow through a membrane module in which the 
fluids on the upstream and downstream sides of the membrane move parallel to 
the membrane surface but in opposite directions. 
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Figure 2.6 : Counter-current Flow 
 
 
iv. Cross flow where it flow through a membrane module in which the fluid on the 
upstream side of the membrane moves parallel to the membrane surface and the 
fluid on the downstream side of the membrane moves away from the membrane 
in the direction normal to the membrane surface. 
 
 
 
 
Figure 2.7 : Cross-flow 
 
v. Dead-end flow where it flow through a membrane module in which the only 
outlet for upstream fluid is through the membrane. 
 
 
 
 
Figure 2.8 : Dead-end Flow 
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Table 2.1: Lists of membrane process, membrane type, driving force and applications 
(Mulder, 1996):  
 
Membrane process Membrane type Driving force Application 
Microfiltration 
 
Symmetric      
microporous 
Hydrostatic 
pressure 
Clarification, 
sterile filtration 
ultrafiltration 
 
Asymmetric 
microporous 
 
Hydrostatic 
pressure 
 
Separation of 
macromolecular 
solution 
nanofiltration 
 
Asymmetric 
microporous 
Hydrostatic pressur Separation of 
small organic  
Reverse Osmosis 
(Hyperfiltration) 
Asymmetric, 
composite with 
homogeneous skin 
Hydrostatic 
pressure 
 
Separation of 
microsolutes  
Gas permeation 
 
Asymmetric or 
composite, 
homogeneous or 
porous polymer 
Hydrostatic 
pressure 
Concentration 
gradient 
Separation of gas 
mixture 
 
 
Dialysis 
 
Symmetric 
microporous 
 
Concentration 
gradient 
 
Separation of 
microsolutes and 
salts  
Pervaporation 
 
Asymmetric, 
composite 
 
Concentration 
gradient, vapor 
pressure 
Separation of 
mixtures of 
volatile liquids 
Membrane 
distillation 
 
Microporous 
 
Temperature 
 
Separations of 
water from non-
volatile solutes 
Electrodialysis 
 
Ion-exchange, 
homogeneous  
Electrical potential 
 
Separations of 
ions from water  
Electrophoresis Microfiltration 
membrane 
Electrical potential, 
hydrostatic pressure 
Separations of 
water and ions  
